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We measure the branching fraction and time-dependent CP -violating asymmetry for B0 → J/ψpi0
decays using a data sample of 711 fb−1 collected on the Υ (4S) resonance by the Belle experiment
running at the KEKB e+e− collider. The branching fraction is measured to be B(B0 → J/ψpi0) =
[1.62 ± 0.11 (stat) ± 0.06 (syst)] × 10−5, which is the most precise measurement to date. The
measured CP asymmetry parameters are S = −0.59 ± 0.19 (stat) ± 0.03 (syst) and A = −0.15 ±
30.14 (stat)+0.04−0.03 (syst). The mixing-induced CP asymmetry (S) differs from the case of no CP
violation by 3.0 standard deviations, and the direct CP asymmetry (A) is consistent with zero.
PACS numbers: 11.30.Er, 12.15.Hh, 13.25.Hw
At the quark level, the decay B0 → J/ψpi0 proceeds via
b → ccd “tree” and “penguin” amplitudes, as shown in
Fig. 1. Both amplitudes are suppressed in the Standard
Model (the first one is color- and Cabibbo-suppressed),
and thus the branching fraction is small. The tree-level
amplitude has the same weak phase as that of the b→ ccs
amplitude governing, e.g., B0 → J/ψK0S decays, while
the penguin amplitude has a different weak phase. The
former dominates mixing-induced CP violation, while the
addition of the latter gives rise to direct CP violation.
FIG. 1. (a) Tree and (b) penguin amplitudes for the decay
B0 → J/ψpi0.
In the process Υ (4S) → B0B0, one of the two B
mesons can decay into a CP eigenstate fCP at time tCP ,
while the other can decay into a flavor-specific state ftag
at time ttag. The decay time evolution for the B → fCP
is [1]
P(∆t, q) = e
−|∆t|/τB0
4τB0
× (1)(
1 + q
[S sin(∆md∆t) +A cos(∆md∆t)]),
where ∆t = tCP − ttag is the difference in proper de-
cay times between the two B mesons; q = +1 (−1) for
signal B0 (B0) decays; ∆md is the mass difference be-
tween the two mass eigenstates of the B0-B0 system;
and τB0 is the B
0 lifetime. The parameters S and A
are CP -violating and characterize mixing-induced and di-
rect CP violation, respectively. In the absence of the
penguin amplitude, A = 0 and S = − sin(2φ1), where
φ1 = arg
[−(V ∗cbVcd)/(V ∗tbVtd)]. However, this amplitude
and any new physics (NP) process having a different weak
phase will shift S and A from these values. Thus, mea-
suring these parameters provides a way to search for NP.
The values of S and A measured in B0 → J/ψpi0 decays
can also be used to constrain the small penguin contri-
bution to B0 → J/ψK0S decays [2–7]. This small contri-
bution is important as the decay B0 → J/ψK0S provides
the most precise determination of φ1.
The parameter S for B0 → J/ψpi0 has previously been
measured by Belle [8] and BaBar [9], but the results are
not in good agreement. The BaBar result lies outside the
physically allowed region, but the uncertainties are large.
The previous result from Belle was based on 535 × 106
BB pairs [8]. Here we update that measurement using
the final Belle data set of 772×106 BB pairs. We also up-
date the B0 → J/ψpi0 branching fraction, for which our
previous measurement used only 32× 106 BB pairs [10].
In addition to more data, the analysis presented here also
uses improved tracking and photon reconstruction.
The Belle detector is a large-solid-angle magnetic spec-
trometer consisting of a silicon vertex detector (SVD), a
50-layer central drift chamber (CDC), an array of aerogel
threshold Cherenkov counters, a barrel-like arrangement
of time-of-flight scintillation counters, and an electro-
magnetic calorimeter (ECL) comprising CsI(Tl) crystals.
These detector components are located inside a supercon-
ducting solenoid coil that provides a 1.5 T magnetic field.
An iron flux-return (KLM) located outside the coil is in-
strumented to detect K0L mesons and to identify muons.
Two inner detector configurations were used: a 2.0 cm
radius beampipe and a three-layer SVD were used for the
first 152 × 106 BB pairs of data, while a 1.5 cm radius
beampipe, a four-layer SVD, and a small-cell inner drift
chamber were used for the remaining 620×106 BB pairs
of data. The detector is described in detail in Ref. [11].
Event selection requirements are optimized using Monte
Carlo (MC) simulation. MC events are generated using
EvtGen [12], and the detector response is modeled using
Geant3 [13]. Final-state radiation is taken into account
using the Photos package [14].
The Υ (4S) is produced with a Lorentz boost of βγ =
0.425 along the +z axis, which is defined as anti-parallel
to the e+ beam direction. Since the B0 and B0 mesons
are approximately at rest in the Υ (4S) center-of-mass
(CM) system, ∆t is determined from the displacement in
z between the two B decay vertices: ∆t ≈ ∆z/cβγ.
The reconstruction of B0 → J/ψpi0 proceeds by first
reconstructing pi0 → γγ candidates. An ECL cluster
not matched to any track is identified as a photon can-
didate. Such candidates are required to have an energy
greater than 50 MeV in the barrel region and greater
than 100 MeV in the end-cap regions, where the bar-
rel region covers the polar angle 32◦ < θ < 130◦ and
the end-cap regions cover the ranges 12◦ < θ < 32◦ and
130◦ < θ < 157◦. We require that the γγ invariant mass
be within 20 MeV/c2 (about 3.5σ in resolution) of the pi0
mass [15]. To improve the pi0 momentum resolution, we
perform a mass-constrained fit and require that the re-
sulting χ2 be less than 30. This requirement is relatively
loose, retaining more than 99% of events.
We subsequently combine pi0 candidates with J/ψ can-
didates, which are reconstructed in the e+e− and µ+µ−
4decay channels. All charged tracks are required to have
a minimum number of SVD hits: ≥ 2 in the beam
direction, and ≥ 1 in the transverse direction. Elec-
tron identification is based on the ratio of the ECL
cluster energy to the particle momentum as measured
in the CDC, as well as the position and shape of the
electromagnetic shower in the ECL. In order to ac-
count for radiative energy loss in e+e− decays, we in-
clude up to two bremsstrahlung photons that lie within
50 mrad of each of the reconstructed tracks when cal-
culating the e+ and e− four-momenta. Muons are iden-
tified by corresponding hit positions and the track pen-
etration depth in the KLM. The reconstructed J/ψ in-
variant masses Mee(γ) and Mµµ are required to sat-
isfy −150 MeV/c2 < Mee(γ) − mJ/ψ < +36 MeV/c2 and
−60 MeV/c2 < Mµµ−mJ/ψ < +36 MeV/c2, wheremJ/ψ is
the nominal J/ψ mass [15]. The asymmetric mass ranges
account for the radiative tail, which biases the recon-
structed mass towards lower values. For selected J/ψ
candidates, vertex- and mass-constrained fits are per-
formed to improve the momentum resolution.
Candidate B0 mesons are identified us-
ing the beam-energy-constrained mass Mbc =(√
E2beam − |~pB |2c2
)
/c2, and the energy difference
∆E = EB − Ebeam, where Ebeam is the beam
energy, and EB and ~pB are the reconstructed en-
ergy and momentum, respectively, of the B0 can-
didate. All quantities are evaluated in the CM
frame. Events satisfying Mbc > 5.24 GeV/c
2 and
−0.20 GeV < ∆E < 0.10 GeV are retained for further
analysis. To calculate the signal yield, we define a
smaller signal region: 5.27 GeV/c2 < Mbc < 5.29 GeV/c
2
and −0.10 GeV < ∆E < 0.05 GeV. In order to suppress
“continuum” background arising from light quark pro-
duction (e+e− → qq, q = u, d, s, c), we require that the
event shape variable R2, which is the ratio of second to
zeroth Fox-Wolfram moments [16], satisfies R2 < 0.4.
After applying all selection criteria, 2.9% of events have
multiple B0 candidates in the signal region. For these
events, we retain the candidate having the smallest sum
of χ2 values obtained from the pi0 → γγ mass-constrained
fit and the J/ψ → `+`− vertex- and mass-constrained
fit. According to MC simulations, this criterion selects
the correct B0 candidate in 74% of multiple-candidate
events.
We tag (identify) the flavor of the accompanying B me-
son using inclusive properties of particles not associated
with the signal B0 → J/ψpi0 decay. The algorithm for
flavor tagging is described in Ref. [17]. Two parameters,
q and r, are used to represent the tagging information.
The former is the implied flavor of the signal B decays
as used in Eq. (1). The latter is an event-by-event MC-
determined quality factor that ranges from r = 0 for no
flavor discrimination to r = 1 for unambiguous flavor
assignment. It is used for sorting candidate events into
seven r ranges. For events having r > 0.10, we deter-
mine the wrong-tag fractions ωl (l = 1, 7) and their dif-
ferences ∆ωl between B
0 and B0 decays from a control
sample of self-tagged semileptonic and hadronic b → c
decays [18, 19]. If r < 0.10, the wrong tag fraction is set
to 0.5.
The vertex position for the B0 → J/ψpi0 decay is re-
constructed using lepton tracks from J/ψ decays. We
perform a vertex fit with a constraint to the interaction
point (IP) profile. A vertex position for ftag is obtained
using tracks that are not assigned to the B0 → J/ψpi0
candidate, plus the IP constraint. This constraint al-
lows for reconstruction of an ftag vertex even in cases
when only one track candidate satisfies the requirement
on SVD hits. The fraction of single-track vertices for
ftag is approximately 12%, estimated from MC. To re-
ject events with poorly reconstructed vertices, we require
σz < 200 µm and h < 50 for multi-track vertices, and
σz < 500 µm for single-track vertices, where σz is the er-
ror on the vertex z coordinate, and h is the χ2 value cal-
culated in three-dimensional space without using the IP
constraint [19]. We retain events in which both J/ψ and
ftag vertices are reconstructed and satisfy |∆t| < 70 ps.
To extract the signal yield, we perform a two dimen-
sional unbinned maximum likelihood fit to the variables
Mbc and ∆E. The probability density function (PDF)
of signal events consists of two parts: one for candidates
that are correctly reconstructed, and one for those incor-
rectly reconstructed, i.e., at least one daughter originates
from the other (tag-side) B. For the former case, both
the Mbc and ∆E distributions are modeled with Crystal
Ball (CB) functions [20]. For the latter case, the corre-
lated two-dimensional Mbc-∆E distribution is modeled
with a non-parametric PDF [21]. The fraction of incor-
rectly reconstructed decays (∼ 10% in the signal region)
is taken from MC simulation. The CB parameters that
describe the lower tail of the Mbc and ∆E distributions
are also fixed to MC values.
The remaining background is small and dominated by
BB events in which one of the B mesons decays into a
final state containing a J/ψ . We divide this background
into three categories: (a) B0 → J/ψK0S , (b) B0 →
J/ψK0L, and (c) B → J/ψX other than B0 → J/ψK0.
We use two-dimensional non-parametric PDFs [21] to
model the Mbc-∆E distributions for all three categories.
We fix the background yields to those expected based on
MC simulation: 10.8 J/ψK0S events, 10.0 J/ψK
0
L events,
and 17.5 other J/ψX events in the Mbc-∆E signal re-
gion. The remaining background comes from continuum
qq events. We model the Mbc and ∆E distributions
of continuum background with an ARGUS [22] function
having its endpoint fixed to 5.29 GeV/c2, and a first-order
polynomial, respectively. Background coming from BB
not containing a real J/ψ is negligible. From the fit we
obtain 330.2 ± 22.1 signal events and 16.3 ± 3.5 contin-
uum events. The purity of the signal is 86% in the signal
5region. Projections of the fit are shown in Fig. 2.
The branching fraction is calculated from the formula
B(B0 → J/ψpi0) = Ysig
ε×NBB × BJ/ψ × Bpi0
, (2)
where Ysig is the fitted signal yield; NBB = (772± 11)×
106 is the number of BB events; ε = (22.3 ± 0.1)%
is the signal efficiency (for e+e− and µ+µ− combined)
as obtained from MC simulation; BJ/ψ is the sum of
B(J/ψ → µ+µ−) and B(J/ψ → e+e−) [15]; and Bpi0 is
the branching fraction of pi0 → γγ [15]. In Eq. (2) we
assume equal production of B0B0 and B+B− pairs at
the Υ (4S) resonance. The result is
B(B0 → J/ψpi0) = (1.62± 0.11± 0.06)× 10−5,
where the first uncertainty is statistical and the second
is systematic.
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FIG. 2. Projections of the two-dimensional fit: (a) Mbc in
the ∆E signal region, and (b) ∆E in the Mbc signal region.
The points are data, the (green) dashed curves show the sig-
nal, the (red) dot-dashed curves show the qq¯ background, the
(magenta) dotted curves show the BB background, and the
(blue) solid curves show the total PDF.
The systematic uncertainty on B(B0 → J/ψpi0) arises
from several sources, as listed in Table I. The uncer-
tainty due to the fixed parameters in the PDF is esti-
mated by varying each parameter individually accord-
ing to its statistical uncertainty. The resulting changes
in the branching fraction are added in quadrature and
the result is taken as the systematic uncertainty. The
non-parametric shapes are also varied by changing their
smoothing, and the associated systematic uncertainty is
found to be negligible. We assign a 1.5% systematic un-
certainty due to pi0 reconstruction, as determined from
a study of τ− → pi−pi0ντ decays [23]. The uncertainty
due to charged track reconstruction is 0.35% per track,
as determined from a study of partially reconstructed
D∗+ → D0pi+, D0 → K0Spi+pi− decays. We assign a 2.1%
uncertainty due to lepton identification, as obtained from
a study of two-photon γγ → `+`− production events.
The uncertainty due to the estimated fraction of incor-
rectly reconstructed signal events is obtained by varying
this fraction by ±100%. As B → J/ψ (K0S ,K0L, X) de-
cays are well measured, we evaluate the uncertainty due
to their estimated amounts by varying them by ±20%.
The uncertainty due to the number of BB pairs is 1.4%,
and the uncertainty on the reconstruction efficiency ε due
to the MC sample size is 0.4%. The total systematic un-
certainty is obtained by summing all individual contribu-
tions in quadrature.
TABLE I. Fractional systematic uncertainties for B(B0 →
J/ψpi0).
Source Uncertainty (%)
PDF parametrization 0.1
pi0 reconstruction 1.5
Tracking 0.7
Lepton-ID selection 2.1
Incorrectly reconstructed signal events 0.8
B → J/ψ (K0S ,K0L, X) background +1.8−2.0
MC statistics 0.4
Secondary branching fractions 0.8
Number of BB pairs 1.4
Total +3.7−3.9
We determine S and A by performing an unbinned
maximum likelihood fit to the ∆t distribution of can-
didate events in the signal region. The PDF for the
signal component, Psig(∆t;S,A, q, ωl,∆ωl), is given by
Eq. (1) with the parameters τB0 and ∆md fixed to the
world-average values [24]. We modify this expression to
take into account the effect of incorrect flavor assign-
ment, which is parametrized by ωl and ∆ωl. This PDF
is then convolved with the decay-time resolution func-
tion Rsig(∆t). The resolution function is itself a convo-
lution of four components: the detector resolutions for
zJ/ψpi0 and ztag; the shift of the ztag vertex position due
to secondary tracks from charmed particle decays; and
the kinematic approximation that the B mesons are at
rest in the CM frame [19]. The PDFs for B0 → J/ψK0S
and B0 → J/ψK0L backgrounds are the same as Psig but
with CP parameters A and S fixed to the recent Belle
6results [19]. The PDF for B → J/ψX background is
taken to have the same form as Psig but with A and
S set to zero, and with an effective lifetime τeff deter-
mined from MC simulation. The PDF for continuum
background is taken to be the sum of two Gaussian func-
tions whose parameters are obtained by fitting events in
the sideband region 5.20 GeV/c2 < Mbc < 5.26 GeV/c
2
and 0.10 GeV < ∆E < 0.50 GeV.
We assign the following likelihood for the i-th event:
Pi(∆t) = (1− fol)
∫
d(∆t′)
[
Rsig(∆ti −∆t′)×(
fsigPsig(∆t′) + fJ/ψK0SPJ/ψK0S (∆t
′)
+ fJ/ψK0LPJ/ψK0L(∆t
′) + fJ/ψXPJ/ψX(∆t′)
)
+ fqq¯Pqq¯(∆ti)
]
+ folPol(∆ti) , (3)
where fsig, fJ/ψK0S , fJ/ψK0L , fJ/ψX , and fqq¯ are the frac-
tions of signal, B0 → J/ψK0S , B0 → J/ψK0L, B → J/ψX,
and qq¯ continuum background, respectively. All fractions
depend on the flavor tagging quality r and are functions
of ∆E and Mbc. The term Pol(∆t) is a broad Gaus-
sian function that represents an outlier component with
a small fraction fol ≈ 0.5%. The only free parameters in
the fit are S and A; these are determined by maximiz-
ing the likelihood L(S,A) = ∏i Pi(∆ti;S,A). Figure 3
shows the fitted ∆t distribution and the time-dependent
decay rate asymmetry ACP , where ACP =
(
Y
(q=+1)
sig −
Y
(q=−1)
sig
)
/
(
Y
(q=+1)
sig +Y
(q=−1)
sig
)
, where Y
(q=±1)
sig is the sig-
nal yield with q = ±1. The results of the fit are
S = −0.59± 0.19± 0.03
A = −0.15± 0.14 +0.04−0.03 ,
where the first uncertainty is statistical and the second is
systematic. The correlation between A and S is −0.005.
The systematic uncertainties for S and A are listed in
Table II. They are small compared to the corresponding
statistical uncertainties. The largest contributions to S
arise from vertex reconstruction and the resolution func-
tion. The uncertainty due to the former includes uncer-
tainties in the IP profile, charged track selection, vertex
quality selection, and SVD misalignment. We vary each
parameter of the resolution function by one standard de-
viation (±1σ) and compare the resulting fit result with
that of the nominal fit; the difference between the two
is taken as the systematic uncertainty. Each physics pa-
rameter that is fixed to its world average value [24], e.g.,
τB0 and ∆md, is varied by the corresponding error; the
uncertainty is taken to be the resulting difference with
the nominal fit result. The uncertainty due to possible
fit bias is evaluated using large ensembles of MC signal
events; the differences of the fit results with the MC in-
puts are assigned as systematic uncertainties. The uncer-
tainties due to ωl and ∆ωl are estimated by varying these
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FIG. 3. (a) Distributions of ∆t. The (blue) solid and (red)
open points represent the q = +1 and q = −1 events, re-
spectively, and the solid curves show the corresponding fit
projections. The gray shaded region represents the sum of
all backgrounds. (b) Time-dependent asymmetry ACP (see
text).
TABLE II. Absolute systematic uncertainties for S and A.
Source σS (%) σA (%)
Vertex reconstruction +2.36−1.75
+1.40
−2.22
Resolution function +1.43−2.37
+1.00
−0.91
Physics parameters +0.04−0.03 ±0.04
Fit bias ±0.68 ±0.27
Wrong tag fraction +0.41−0.20
+0.43
−0.17
Mbc, ∆E shapes
+0.52
−0.45
+0.50
−0.48
Signal and background fraction +0.71−0.62
+0.49
−0.72
Background ∆t shape +0.20−0.12 ±0.10
Tag-side interference ±0.20 +3.80−0.00
Total +3.02−3.14
+4.26
−2.57
parameters individually by ±1σ. The Mbc and ∆E shape
parameters, and the fractions of signal and background,
are varied to estimate their contributions to the system-
atic uncertainty. We vary each parameter in Pqq¯(∆t) and
PJ/ψX(∆t) by ±1σ. For PJ/ψK0S (∆t) and PJ/ψK0L(∆t),
we vary the CP asymmetry parameters by their statis-
tical errors [19]. We include the effect of tag-side inter-
7ference [25], which introduces a significant contribution
to the systematic uncertainty for A. Tag-side interfer-
ence is caused by interference between the two tree-level
amplitudes contributing to B → DX decays.
In summary, we have measured the branching fraction
and time-dependent CP asymmetry for B0 → J/ψpi0 de-
cays using the full Belle Υ (4S) data set. The results are
B = (1.62± 0.11± 0.06)× 10−5
S = −0.59± 0.19± 0.03
A = −0.15± 0.14 +0.04−0.03 ,
where the first uncertainty is statistical and the second is
systematic. The measured value for the branching frac-
tion is the most precise value to date and supersedes the
previous measurement [10]. It is consistent with measure-
ments made by other experiments [9, 26]. The measured
CP asymmetries are consistent with, and supersede, our
previous results [8]. The direct CP asymmetry A is con-
sistent with zero. The mixing-induced CP asymmetry S
differs from zero (i.e., no CP violation) by 3.0σ, and it
differs from the BaBar result [9] (which is outside the
physical region) by 3.2σ. The value is consistent with
the value of sin 2φ1 measured using b → ccs decays [15].
These results indicate that the penguin and any NP con-
tribution to B0 → J/ψpi0 are small.
ACKNOWLEDGMENTS
We thank the KEKB group for the excellent operation
of the accelerator; the KEK cryogenics group for the ef-
ficient operation of the solenoid; and the KEK computer
group, and the Pacific Northwest National Laboratory
(PNNL) Environmental Molecular Sciences Laboratory
(EMSL) computing group for strong computing support;
and the National Institute of Informatics, and Science
Information NETwork 5 (SINET5) for valuable network
support. We acknowledge support from the Ministry
of Education, Culture, Sports, Science, and Technology
(MEXT) of Japan, the Japan Society for the Promotion
of Science (JSPS), and the Tau-Lepton Physics Research
Center of Nagoya University; the Australian Research
Council including grants DP180102629, DP170102389,
DP170102204, DP150103061, FT130100303; Austrian
Science Fund under Grant No. P 26794-N20; the Na-
tional Natural Science Foundation of China under Con-
tracts No. 11435013, No. 11475187, No. 11521505,
No. 11575017, No. 11675166, No. 11705209; Key Re-
search Program of Frontier Sciences, Chinese Academy
of Sciences (CAS), Grant No. QYZDJ-SSW-SLH011;
the CAS Center for Excellence in Particle Physics
(CCEPP); the Shanghai Pujiang Program under Grant
No. 18PJ1401000; the Ministry of Education, Youth
and Sports of the Czech Republic under Contract
No. LTT17020; the Carl Zeiss Foundation, the Deutsche
Forschungsgemeinschaft, the Excellence Cluster Uni-
verse, and the VolkswagenStiftung; the Department of
Science and Technology of India; the Istituto Nazionale
di Fisica Nucleare of Italy; National Research Founda-
tion (NRF) of Korea Grants No. 2015H1A2A1033649,
No. 2016R1D1A1B01010135, No. 2016K1A3A7A09005
603, No. 2016R1D1A1B02012900, No. 2018R1A2B3003
643, No. 2018R1A6A1A06024970, No. 2018R1D1
A1B07047294; Radiation Science Research Institute, For-
eign Large-size Research Facility Application Support-
ing project, the Global Science Experimental Data Hub
Center of the Korea Institute of Science and Technol-
ogy Information and KREONET/GLORIAD; the Polish
Ministry of Science and Higher Education and the Na-
tional Science Center; the Grant of the Russian Feder-
ation Government, Agreement No. 14.W03.31.0026; the
Slovenian Research Agency; Ikerbasque, Basque Founda-
tion for Science, Basque Government (No. IT956-16) and
Ministry of Economy and Competitiveness (MINECO)
(Juan de la Cierva), Spain; the Swiss National Science
Foundation; the Ministry of Education and the Ministry
of Science and Technology of Taiwan; and the United
States Department of Energy and the National Science
Foundation.
[1] A. B. Carter and A. I. Sanda, CP violation in B meson
decays, Phys. Rev. D 23, 1567 (1981); I. I. Y. Bigi and
A. I. Sanda, Notes on the observability of CP violations
in B decays, Nucl. Phys. B 193, 85 (1981).
[2] S. Faller, M. Jung, R. Fleischer and T. Mannel, The
golden modes B0 → J/ψKS,L in the era of preci-
sion flavor physics, Phys. Rev. D 79, 014030 (2009)
[arXiv:0809.0842 [hep-ph]].
[3] M. Jung, Determining weak phases from B → J/ψP de-
cays, Phys. Rev. D 86, 053008 (2012) [arXiv:1206.2050
[hep-ph]].
[4] K. De Bruyn and R. Fleischer, A roadmap to control pen-
guin effects in B0d → J/ψK0S and B0s → J/ψφ, JHEP
1503, 145 (2015) [arXiv:1412.6834 [hep-ph]].
[5] Z. Ligeti and D. J. Robinson, Towards more precise de-
terminations of the quark mixing phase β, Phys. Rev.
Lett. 115, 251801 (2015) [arXiv:1507.06671 [hep-ph]].
[6] M. Ciuchini, M. Pierini and L. Silvestrini, The Effect of
penguins in the Bd → J/ψK0 CP asymmetry, Phys. Rev.
Lett. 95, 221804 (2005) [hep-ph/0507290].
[7] P. Frings, U. Nierste and M. Wiebusch, Penguin con-
tributions to CP phases in Bd,s decays to charmonium,
Phys. Rev. Lett. 115, 061802 (2015) [arXiv:1503.00859
[hep-ph]].
[8] S. E. Lee et al. (Belle Collaboration), Improved measure-
ment of time-dependent CP violation in B0 → J/ψpi0 de-
cays, Phys. Rev. D 77, 071101 (2008) [arXiv:0708.0304
[hep-ex]].
[9] B. Aubert et al. (BaBar Collaboration), Evidence for CP
violation in B0 → J/ψpi0 decays, Phys. Rev. Lett. 101,
021801 (2008) [arXiv:0804.0896 [hep-ex]].
[10] K. Abe et al. (Belle Collaboration), Measurement of
branching fractions and charge asymmetries for two-body
B meson decays with charmonium, Phys. Rev. D 67,
8032003 (2003) [hep-ex/0211047].
[11] A. Abashian et al. (Belle Collaboration), The Belle de-
tector, Nucl. Instrum. Methods Phys. Res., Sect. A 479,
117 (2002); also see the detector section in J. Brodzicka
et al., Physics achievements from the Belle experiment,
Prog. Theor. Exp. Phys. 2012, 04D001 (2012).
[12] D. J. Lange, The EvtGen particle decay simulation pack-
age, Nucl. Instrum. Methods Phys. Res., Sect. A 462, 152
(2001).
[13] R. Brun et al., GEANT 3.21, CERN Report DD/EE/84-
1, 1984.
[14] P. Golonka and Z. Was, Photos Monte Carlo: A Preci-
sion tool for QED corrections in Z and W decays, Eur.
Phys. J. C 45, 97 (2006) [hep-ph/0506026].
[15] M. Tanabashi et al. (Particle Data Group), Review of
Particle Physics, Phys. Rev. D 98, 030001 (2018).
[16] G. C. Fox and S. Wolfram, Observables for the analysis
of event shapes in e+e− annihilation and other processes,
Phys. Rev. Lett. 41, 1581 (1978).
[17] H. Kakuno et al. (Belle Collaboration), Neutral B flavor
tagging for the measurement of mixing induced CP vio-
lation at Belle, Nucl. Instrum. Meth. A 533, 516 (2004)
[hep-ex/0403022].
[18] K. Abe et al. (Belle Collaboration), Improved measure-
ment of CP-violation parameters sin 2φ1 and |λ|, B me-
son lifetimes, and B0−B0 mixing parameter ∆md, Phys.
Rev. D 71, 072003 (2005) Erratum: [Phys. Rev. D 71,
079903 (2005)] [hep-ex/0408111].
[19] I. Adachi et al. (Belle Collaboration), Precise measure-
ment of the CP violation parameter sin 2φ1 in B
0 →
(cc¯)K0 decays, Phys. Rev. Lett. 108, 171802 (2012)
[arXiv:1201.4643 [hep-ex]].
[20] T. Skwarnicki, A study of the radiative Cascade transi-
tions between the Upsilon-prime and Upsilon resonances,
DESY-F31-86-02.
[21] K. S. Cranmer, Kernel estimation in high energy
physics, Comput. Phys. Commun. 136, 198 (2001) [hep-
ex/0011057].
[22] H. Albrecht et al. (ARGUS Collaboration), Search for
hadronic b→ u decays, Phys. Lett. B 241, 278 (1990).
[23] S. Ryu et al. (Belle Collaboration), Measurements of
branching fractions of τ lepton decays with one or more
K0S , Phys. Rev. D 89, 072009 (2014) [arXiv:1402.5213
[hep-ex]].
[24] Y. Amhis et al. (Heavy Flavor Averaging Group Collab-
oration), Averages of b-hadron, c-hadron, and τ -lepton
properties as of summer 2016, Eur. Phys. J. C 77, 895
(2017) [arXiv:1612.07233 [hep-ex]].
[25] O. Long, M. Baak, R. N. Cahn and D. P. Kirkby, Impact
of tag side interference on time dependent CP asymmetry
measurements using coherent B0 B¯0 pairs, Phys. Rev. D
68, 034010 (2003) [hep-ex/0303030].
[26] P. Avery et al. (CLEO Collaboration), Study of exclusive
two-body B0 meson decays to charmonium, Phys. Rev. D
62, 051101 (2000) [hep-ex/0004032].
